Concerns over prescription opioids contributing to high levels of opioid use disorder and overdose have led policymakers and clinicians to seek means to reduce inappropriate and high-dose initial prescriptions. To inform such efforts, we sought to describe the clinical indications associated with opioid initiation and the characteristics of the initial prescriptions and patients through a retrospective population-based cohort study. Our cohort included Ontarians initiating prescription opioids for pain management between April 1, 2015, and March 31, 2016. We identified the apparent clinical indication for opioid initiation by linking prescription drug claims to procedural and diagnostic information on health service records on the day of, and 5 days preceding prescription. Outcomes included initial opioid type, prescription duration, and daily dose (in milligram morphine equivalents), stratified either by indication or indication cluster. Among 653,993 individuals, we successfully classified 575,512 (88.0%) people initiating opioids into 23 clinical indications in 6 clusters: dental (23.2%); postsurgical (17.4%); musculoskeletal (12.0%); trauma (11.2%); cancer/palliative care (6.5%); and other less frequent indications (17.7%). Individuals with postsurgical pain received the highest daily doses (40.5% with greater than 50 milligram morphine equivalent), and those with musculoskeletal pain received more initial prescriptions with a duration exceeding 7 days (34.2%). Opioids are initiated for a wide range of indications with varying doses and durations; yet, those who initiated opioids for postsurgical and musculoskeletal pain received the greatest doses and durations of therapy, respectively. These findings may help tailor and prioritize efforts to promote more appropriate opioid prescribing.
Introduction
The use of prescription opioids has increased considerably over the past 2 decades, particularly in Canada and the United States, which had the highest level of opioid consumption per capita worldwide in 2015. 12, 19 High levels of opioid prescribing have raised concerns among clinicians and policymakers, given the limited evidence of long-term effectiveness of this class of drugs and research finding increased risks of adverse events including mortality with long-term use. 14, 22 Previous research has associated long-term use of prescription opioids and dose escalation with worse outcomes. 11 In turn, recently published clinical practice guidelines for chronic noncancer pain management recommended nonopioid alternatives as first-line and have suggested threshold doses for patients newly started on opioids. 1, 6 However, opioids are prescribed for a range of acute and chronic pain conditions, including arthritis, back pain, postsurgical pain, and dental pain. 23 Studies in select populations have demonstrated that characteristics of opioid initiation and prescribing vary by clinical indication, which may reflect different anticipated needs for different indications as well as variations in training across specialties. 26 Therefore, there has been an emerging recognition that policies and programs developed to address appropriate prescribing of opioids may need to be tailored to each clinical indication. This requires an understanding of the relative contribution of each clinical indication to patterns of opioid initiation. 29 Previous studies investigating these indications have been limited to smaller populations. 15, 18, 25, 26 Accordingly, we set out to determine the apparent clinical indications for opioid initiation at the population level and to describe the characteristics of the initial prescriptions and patients by indication.
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Methods

Setting
We conducted a population-based retrospective cohort study of all Ontarians who were newly dispensed an opioid between April 1, 2015, and March 31, 2016 . Ontario is Canada's most populous province, with a population of 13.4 million in 2016, representing 38% of the Canadian population. 27 This study was approved by the institutional review board at Sunnybrook Health Sciences Centre, Toronto, Canada.
Data sources
We identified opioid prescription characteristics from the Narcotics Monitoring System (NMS), which captures information regarding all opioids dispensed from all retail pharmacies regardless of payer. Pharmacist data entry into the NMS is mandatory for all controlled substances. 20 We acquired cancer diagnoses from the Ontario Cancer Registry, and details regarding cancer treatment and palliative care from the cancer Activity Level Reporting database. We obtained hospital visit data (including diagnoses and procedures) from the Canadian Institute for Health Information's Discharge Abstract Database (CIHI DAD), emergency department visit and same day surgery data from CIHI's National Ambulatory Care Reporting System. We identified physician-billing data from the Ontario Health Insurance Plan (OHIP) Claims History Database, and used the OHIP Registered Persons Database (RPDB) to identify patients' place of residence and demographic characteristics. These databases have high levels of completeness and are regularly used in health services research. 2, 3, 13 We linked data sets using unique encoded identifiers, and all analyses were performed at the Institute for Clinical Evaluative Sciences (ICES) using SAS software (version 9.4; SAS Institute Inc, Cary, NC).
Study patients
We defined opioid users as those dispensed an eligible opioid (ie, an opioid formulation not used to treat opioid use disorder) between April 1, 2015, and March 31, 2016. We defined an individual's index date and prescription based on their first receipt of a prescription opioid in the accrual period.
We limited our analysis to prescriptions dispensed to individuals with a valid Ontario health card. We excluded individuals with opioid use before the index date, defined as any prescription for an eligible opioid between the index date and July 1, 2012, which is when all pharmacies were mandated to use the NMS. We excluded individuals currently or having previously been on treatment for opioid use disorder (defined as having been dispensed an opioid for the treatment of opioid use disorder since July 1, 2012, and before or on index date). We excluded patients who visited an emergency department or hospital for opioid toxicity (defined by ICD10 diagnosis codes T40.0-T40.4 or T40.6 in the National Ambulatory Care Reporting System or DAD databases) in the 2 years before the index date because this would reflect previous use of opioids.
Among the remaining new users of opioids, we excluded individuals dispensed an opioid formulation used only as an antitussive, thereby limiting our analysis to individuals newly initiating opioids for pain management.
Identifying the apparent clinical indication
We used a stepwise hierarchical approach to identify the most likely clinical indication for opioid initiation among individuals in the cohort. We developed the hierarchy based on the licensing college of the initial prescriber and the degree of certainty that the procedural and diagnostic information on the related health care administrative data would warrant an opioid prescription. For example, we were most certain of indications for dental pain because the index prescription was directly linked to a dentist. For all other prescriptions written by physicians, our hierarchy was informed by clinical insight as to the likelihood that the diagnosis or procedure would lead to an opioid initiation.
In the first step of the hierarchical approach, we classified individuals whose index opioid was prescribed by a dentist, then those with evidence of palliative care in the past year, followed by those with evidence of active cancer in the past year into each of these 3 indications accordingly. For those remaining, we identified the diagnostic and procedural information on their most recent health care interaction on or in the 5 days preceding the first-opioid prescription. Health care interactions included inpatient hospitalizations, emergency department visits, outpatient surgical procedures, and physician office visits.
In the second hierarchical step, we classified individuals with a recent hospitalization or procedure into procedure-based indications according to the Canadian Classification of Health Interventions (CCI) procedure code on the identified health care record. In the third hierarchical step, remaining individuals were classified into diagnosis-based indications according to the International Statistical Classification of Diseases and Related Health Problems 10th revision (ICD10) or OHIP diagnostic code recorded. We classified individuals with diagnostic codes that would not normally warrant an opioid prescription into an "Unknown" group, and did the same with individuals who had no evidence of a health care encounter in the previous 5 days. We identified a total of 23 clinical indications, which were then grouped into 6 indication clusters. We provide more details on the approach and hierarchy used to assign indications along with associated procedure and diagnostic codes in the Supplementary Appendix (available online at http://links.lww.com/PAIN/A570).
Prescription and patient characteristics
Within each indication, we defined prescription characteristics at initiation, including the daily dose dispensed in milligram morphine equivalents (MMEs), the number of days supplied, opioid formulation type (immediate-release or long-acting), and type of opioid. Within each indication, we also identified the proportion of initial prescriptions that had a potentially inappropriate initial dose (defined as daily dose exceeding 50 MME) or a potentially inappropriate duration (defined as exceeding 7 days' supply). For daily dose, the threshold of 50 MME reflects how current U.S. and Canadian chronic noncancer pain guidelines suggest clinicians avoid initiating opioids above this daily dose, likely due to associations with adverse events such as road trauma and fatal overdose. 1, 6, 8, 9 For prescription duration, the threshold of 7 days reflects how these longer prescriptions may be associated with more long-term use. 6, 25, 26 For people dispensed 2 or more opioids on their index date, we counted the longest number of days supplied and summed the doses to calculate daily dose. Finally, we described patient demographic characteristics (including age, sex, neighbourhood income quintile, and urban/rural location of residence) by indication cluster. No formal statistical tests were performed.
Results
Among 778,803 new users, 653,993 (84.0%) met our inclusion criteria (Fig. 1) . Just over half (N 5 339,525, 51.9%) were women, Individuals who initiated opioids for dental pain were typically younger (median age 31 years, Q1-Q3 20-52 years), whereas those who initiated for musculoskeletal pain (median age 56 years, Q1-Q3 44-69 years), and cancer and palliative care (median age 66 years, Q1-Q3 55-77 years) were typically older than those in the other indication clusters (range in medians from 45 to 49 years). The neighbourhood income quintile profiles of patients were fairly evenly distributed across indication clusters.
Within each indication cluster, we identified a number of highly prevalent clinical indications. Although specific dental indications could not be identified in our data, the overwhelming majority of patients initiating an opioid for dental pain received their prescription from a dentist (144,118 of 151,874 [94.9%], representing 22.0% of the entire cohort) ( Table 2) . Other common clinical indications were common excisions (4.2%), joint and muscle pain (7.1%), back pain (4.8%), dislocations, sprains and strains (4.0%), cancer (5.3%), and abdominal or pelvic pain (6.0%).
The characteristics of initial prescriptions varied considerably by indication. Patients initiating for dental pain received prescriptions with a lower daily dose (median 30 MME, Q1-Q3 of 23-45) and shorter durations (median 3 days, Q1-Q3 of 3-5) relative to other indications ( Table 2) . Individuals initiating opioids after knee, hip, or shoulder surgery received higher daily doses (median 60 MME, Q1-Q3 of 45-90; 64.7% with initial daily dose above 50 MME), as did those initiating following caesarean section (median 50 MME, Q1-Q3 of 33-68; 50.3% with initial daily dose above 50 MME), relative to other indications. Clinical indications with a higher-than-average proportion of potentially risky prescription durations were joint and muscle pain (37.7% with durations .7 days); dislocations, sprains, and strains (33.3% with durations .7 days); palliative care (34.9% with durations .7 days); back pain (29.2% with durations .7 days); and headaches and migraines (28.1% with durations .7 days).
Finally, the type of opioids prescribed at initiation varied, with immediate-release codeine-combination products being the most common across all clinical indications ( Table 3) . Immediate-release hydromorphone prescribing occurred most commonly among individuals initiating opioids for cancer and palliative care (9,831, 23.5%), whereas morphine prescribing occurred more often among those initiating postsurgery (13,677, 12.3%).
Discussion
In this population-based study of 653,993 new users of prescription opioids, we found wide diversity of the apparent clinical indications for which people initiate opioids for pain management. Dental pain accounted for nearly one-quarter of all new opioid prescriptions, which were generally of short duration and low dose. By contrast, 1 in 6 new opioid users were treated for postsurgical pain, and these patients generally started on higher doses (over 40% were prescribed more than 50 MME, and at least 25% were prescribed 90 MME or more). Finally, although just 1 in 10 patients initiated opioids for back, joint, or muscle pain, these patients generally received longer durations of therapy, with more than one-third receiving initial prescription durations of greater than 7 days. Previous studies have generally not been designed to characterize the indication for opioid initiation at population level using robust, linked health administrative databases. 15, 18, 25, 26 Four American studies, in particular, are based on prescriptions written, not those dispensed, and were limited to smaller populations (ie, a specific clinic or insurance provider) and could not account for access to opioids from other sources. 15, 18, 25, 26 Our study confirms most findings from the literature (apart from 1 previous study that identified chronic noncancer pain as the most common pain indication) 25 ; we found that acute indications (ie, dental, postsurgical, and traumarelated pain) accounted for the majority of all opioid initiations, 15 that opioid initiation was more commonly attributed to joint and muscle pain than back pain, 26 and that dental pain was a significant contributor to new opioid exposure. 18 However, our study also highlights the broad set of indications for which opioids are initiated, and provides important information on other significant contributors to new opioid exposure. In particular, we found that postsurgical pain accounts for nearly 1 in 6 new opioid starts, which tend to be of short duration at relatively higher doses and to older adults. Although the contribution of prescriptions for dental pain in a primary care setting has previously been identified, 18 our finding of the significant contribution of prescriptions by dentists is particularly novel and important. Although the dose and duration of these prescriptions are relatively limited, the concentration of dental prescriptions among younger patients-a group at potentially greater risk of prescription opioid misuse, illicit use, and recreational experimentation- 10, 30 highlights the importance of policy efforts to ensure that dentist prescribing remains appropriate and necessary. 16, 17, 21 The U.S. and Canadian clinical guidelines for opioids in chronic non-cancer pain published in 2016 and 2017, respectively, suggest that clinicians should avoid initiating opioids at daily doses above 50 MME. 1, 6 Our study found that, in the period immediately before the guidelines were published, nearly one-quarter of Ontarians newly initiating opioids received a daily dose exceeding this threshold, and that this was even higher in certain indications such as knee, hip, and shoulder surgeries, and caesarean sections. Moreover, at least one-quarter of individuals initiating opioids for knee, hip, and shoulder surgeries received an initial daily dose equal to or exceeding 90 MME, which guidelines now recommend avoiding even after initiation. Given that these higher doses have been associated with more adverse events, including overdose deaths, depression, road trauma, and falls, 7,9 our findings suggest that improvements to safe opioid prescribing could be achieved by focusing on dose initiation patterns among surgeons. In addition to high daily doses being a concern, recent evidence suggests prescribing less than 7 days of opioid at initiation, ideally less than or equal to 3 days, as these shorter prescription durations are associated with less long-term use. 6, 25, 26 In this study, we found that although opioids initiated postsurgery were typically of higher dose, they tended to have shorter durations, with only 1 in 10 individuals receiving more than a 7-day supply of drug. By contrast, more than one-third of people initiating opioids for musculoskeletal pain received an initial prescription duration exceeding 7 days' supply, which may contribute to the high degree of sustained opioid use among people initiated for musculoskeletal pain. 24 In addition, these differences in patterns by clinical indication may reflect variations in intended duration of opioid use, but could also suggest opportunities for improved opioid initiation practices in some populations. Finally, although rare, our findings also highlight that opioids are used to treat conditions such as headaches and migraines, for which opioid-related harms have been reported to outweigh any evidence of benefit. 4, 28 Our study has several limitations. First, given the retrospective study design and data sources, we cannot confirm whether the diagnosis or procedure codes identified before the index prescription are responsible for opioid initiation. However, the use of similar approaches to identify opioid indications in studies with limited population samples, 24, 26 and the proximity of the health care encounters to opioid dispensing, increases our confidence in our approach for defining indications associated with opioid initiation. Second, we only have historical dispensing data from July 2012 onwards, so cannot ascertain more remote opioid prescriptions. In some instances, the identified initial prescription may not be an individual's first-opioid exposure. Nevertheless, because it was patients' first use of a prescription opioid in at least 2.5 years, any previously acquired tolerance would have been lost. 31 Third, we cannot account for people recently moving into the province because there is often a lag period for them to gain access to the health care system. 5 Fourth, we could not identify a pain indication among 12% of patients in our cohort. Although our algorithm was designed to capture all potential pain indications where suitable information was captured in our databases, some physicians may list a generic diagnosis on the billing record, which would not provide us with the detailed information required to allocate a pain indication. Therefore, in these cases, we are unable to appropriately allocate these individuals to an indication group. Notably, half of these individuals had no evidence of a physician encounter in the preceding 5 days, thus filled prescriptions that were at least 5 days old. Finally, some patients may have had multiple indications and we could only identify 1 indication because our approach to identifying indications was hierarchical. However, we developed a hierarchy intended to classify indications according to the most appropriate indication for opioid use.
As we aim to optimize opioid prescribing, patients' first-opioid prescriptions are critically important. Across all clinical indications, a high percentage of people received daily doses above 50 MME and prescription lengths over 7 days, which have been associated with potential adverse events and long-term opioid use. Given this, our findings highlight the need to prioritize certain indications in the promotion of more appropriate opioid prescribing. Knowing the nature of opioid prescribing postsurgically and for musculoskeletal pain, particular attention may be warranted to determine the appropriateness and safety of opioid use in these indications. Future efforts to inform such resource allocation efforts ought to consider which specific pain indications are associated with downstream risks of sustained use, opioid use disorder, and opioid toxicity. Opioid types and formulations dispensed to individuals newly initiating opioids for pain, by major clinical indication cluster. 
